Introduction
Zinc sulphide (ZnS) is one of the first semiconductors discovered and it has shown remarkable fundamental properties versatile and a promise for novel diverse applications, including light emitting diodes (LEDs), electroluminescence, flat panel displays, infra red windows, sensors, lasers and biodevices etc [1] . ZnS has attracted enormous amount of researchers to devote them to researching in this hot field for its excellent properties. As reported previously, ZnS occurs in two phases in which sphalerite (cubic zinc blende) structure is a stable phase at low temperature, whereas the wurtzite (hexagonal) structure is a high-temperature stable phase [2] . Recent studies found that the optical properties of wurtzite ZnS are more excellent than those of sphalerite ZnS. Most of the ZnS nanocrystals synthesized via low-temperature solution-phase methods have the sphalerite structure and also it is difficult to synthesise wurtzite ZnS below 200 °C [3] . Hence exploring low temperature synthesis of wurtzite ZnS has been hot field of current ZnS materials research. In this paper, we report the synthesis of hierarchical ZnS with wurtzite phase at lower temperature using L-threonine, a biomolecule as a morphology directing agent.
Materials and Methods
All the reagents were of analytical grade and used without further purification. In a typical experiment, 50 ml 0.1 M zinc nitrate and 25 ml 0.2 M L-threonine were mixed with 25 ml of 0.2 M thioacetamide solution. Stirring was continued for 5 hours at a temperature of 70 °C. The precipitate was centrifuged and washed thoroughly with deionized water and ethanol to remove any residues. The collected precipitates were dried at 60 °C in hot air oven.
The obtained product was characterized using X'per PRO (PANalytical) advanced X-ray Diffractometer with CuKα radiation (λ=1.5406 Å), with 2θ ranging between 20° and 80° at the scanning rate of 0.025° per second to determine the crystalline structure. Optical absorption measurement was performed using Varian Cary 5E UV-Vis NIR spectrophotometer in the range of 200 -800 nm. Photoluminescence spectrum was obtained using He-Cd LASER with the excitation wavelength of 325 nm. Microstructure of the products was observed by QUANTA FEG field-emission scanning electron microscopy (FESEM) and transmission electron microscope (TEM JEOL JEM 2100F) at an accelerating voltage of 200 kV.
Results and Discussion
The crystallinity and crystal structure of the ZnS hierarchical nanostructure was analyzed by XRD pattern shown in fig. 1 . The diffraction peaks are indexed to primitive wurtzite structure and are in accordance with the JCPDS card no. 89-2345. Wurtzite structure has been obtained at lower temperature because of smaller size of the nanoparticles, which changes the surface energy and thereby reduces the phase transformation temperature [4] . It was reported that, the crystal structure of ZnS is sensitive to organic molecules which acts as a surface modifying agent [17]. Here, the particle size is around 8 nm and L-threonine was used as surface modifying agent, which adsorbs on the surface of ZnS and effectively decreases the phase transformation temperature. The sharp peaks indicate that product is well crystalline. No other peaks related to impurities were detected within the detection limit. 
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The morphology and size of the as synthesized nanostructures were observed by FESEM and TEM. Fig. 2a  and 2b shows the FESEM image of flowerlike hierarchical ZnS nanostructures having the mean diameter of 300 nm. From the TEM images, it clearly observed that ZnS nanostructures have been formed by self assembly of nanoparticles with a mean diameter of 8 nm. These nanoparticles possess amino acids on the surface which are in the form of zwitterions. The zwitterions contains positive ion (+NH3) and negative ion (COO-). The electrostatic attraction and hydrogen bonds between the functional group act as a linker between different nanoparticles and thus results in formation of hierarchical structures [5] . Fig. 3 shows the absorption and photoluminescence spectra of ZnS nanostructures. The absorption peak is observed at 265 nm and is blue shifted compared to bulk ZnS (340 nm). This blue shift is quite larger when compared to the particle size. Hence, the large blue shift is expected to occur due to coupling effect in addition to quantum confinement effect. Coupling effect arises because of strong self-organization of nanoparticles. Similar results were observed by Liang et al for CdS nanoparticles [6] .
The PL band is asymmetric and hence it is deconvoluted. The deconvoluted PL contains two Gaussian peaks centred at 486 nm and 554 nm. The peak centered at 486 nm related to transfer of electron from sulphur to zinc defect which is similar to that as observed by Sharma et al [21] . The green emission peak at 554 nm may arise due to self activated centers, vacancy states element sulphur species on the surface or interstitial states associated with the peculiar nanostructures as in previous report [7] . Fig. 4 shows the FTIR spectrum of L-threonine capped flowerlike ZnS nanostructures. In this spectrum, the peaks observed at 884 cm-1, 1041 cm-1, 1093 cm-1, 1385 cm-1, 2888 cm-1 and 2971 cm-1 correspond to C-CN stretching, C-N stretching, C-CN asymmetric stretching, CH3 bending, C-H stretching and NH3+ asymmetric stretching of L-threonine respectively [8] . The above peaks confirm the presence of L-threonine in the synthesized product. The peak at 640 cm-1 and 1107 cm-1 corresponds to Zn-S vibrations [9] . 
Conclusion
ZnS hierarchical flower like nanostructure has been synthesized by simple wet chemical method using L-threonine as a morphology directing agent. The zwitterion nature of L-threonine leads to interaction between nanoparticles of diameter 8 nm, which aggregates to form flower-like structures. XRD result reveals the formation of wurtzite phase of ZnS nanostructres. The presence of L-threonine has been confirmed from the FTIR studies. PL studies reveal the presence of zinc and sulphur vacancies at 444 nm and 486 nm.
